INTRODUCTION
Atherosclerosis is the most common cause of inflammatory disease in the wall of arteries. The recruitment and migration of inflammatory cells from the circulation is mediated by adhesion molecules, such as intercellular adhesion molecular-1 (ICAM-1) and vascular cell adhesion molecular-1 (VCAM-1) (1, 2). Substantial advances in basic and experimental science have illuminated the role of inflammation and the underlying cellular and molecular mechanisms that contribute to atherogenesis (3, 4) . These studies further suggest that risk stratification and therapeutic targeting may help in preventing clinical decline in atherosclerosis.
Human aortic smooth muscle cells (HASMCs) play a major role in lesion development and progression in atherosclerosis (1, 2, 5, 6) . The induction of VCAM-1 and ICAM-1 in smooth muscle cells in response to stimulation by tumor necrosis factor-α (TNF-α) is crucial to the pathogenesis and progression of atherosclerosis (7) (8) (9) (10) (11) (12) (13) . A number of herbal medicine-based prescriptions are available for treating atherosclerosis, but their therapeutic efficacies and mechanisms are unclear (14) . Ethanol extracts of Prunella vulgaris, a widely distributed perennial herb, have been reported to have diverse health benefits, including prevention of oxidative stress, thrombosis, lipid peroxidation, obesity, hypercholesterolemia, and hyperlipidemia (15) (16) (17) . In vivo studies have provided evidence that P. vulgaris prevents the anti-hyperglycemic effects of exogenous insulin without stimulating insulin secretion (18) . However, no report has described the anti-inflammatory effects of P. vulgaris in HASMCs. In this study, we evaluated the effects of a P. vulgaris ethanol extract on TNF-α-induced adhesion molecule expression in HASMCs and investigated the mechanisms underlying its anti-inflammatory effects. Our results provide a scientific basis for supporting the traditional use of P. vulgaris in atherosclerosis therapy.
RESULTS AND DISCUSSION
Effect of P. vulgaris on cytotoxicity and monocyte adhesion in HASMCs P. vulgaris has been used traditionally as a medical resource in cancer therapy, as well as a diuretic and a treatment for hypertension and inflammation (15) . Nevertheless, scientific evidence of P. vulgaris actions is incomplete. In the present study, we investigated the protective effects of a P. vulgaris ethanol extract against vascular inflammation in TNF-α-stimulated HASMCs. First, the cytotoxic effects of P. vulgaris on HASMCs were assessed using the Cell Counting Kit (CCK)-8 cell viability assay. http://bmbreports.org BMB Reports Treatment of HASMCs for 24 h in the presence or absence of P. vulgaris ethanol extract did not affect cell viability and was not cytotoxic at concentrations in subsequent experiments (Fig. 1A) . Several studies have reported that TNF-α induces increased adherence of monocytes to HASMCs (19) (20) (21) . Monocyte adhesion to smooth muscle cells in the arterial wall is considered crucial for the development of vascular diseases (19, 22) . Therefore, we evaluated the effect of P. vulgaris on monocyte adherence to TNF-α-activated HASMCs using THP-1 adhesion assays. HASMCs were pretreated with P. vulgaris extract (0, 10, 50, and 250 μg /ml) for 2 h before TNF-α stimulation (10 ng/ml). TNF-α significantly increased adhesion of THP-1 monocytic cells to HASMCs, an effect that was suppressed in a concentration-dependent manner by P. vulgaris extract (Fig. 1B, C) . These results suggest that P. vulgaris may protect against vascular inflammation by suppressing adherence of monocytes/macrophages to HASMCs.
Effect of P. vulgaris on cell adhesion molecules and NF-κB activation in TNF-α-stimulated HASMCs
To investigate the anti-inflammatory effect of P. vulgaris on HASMCs, we first examined the expression levels of the adhesion molecules, VCAM-1, ICAM-1 and E-selectin, by western http://bmbreports.org (10, 50 , and 250 μg/ml) for 2 h and stimulated with TNF-α (10 ng/ml) for 8 h. Phosphorylation of IκB-α was assessed by Western blotting. (B) Cells were transiently transfected with pGL4.32-NF-κB and a renilla luciferase control reporter vector, and incubated with or without P. vulgaris extract (10, 50, and 250 μg/ml), followed by incubation with 10 ng/ml TNF-α for 24 h. NF-κB transcriptional activity was determined using luciferase reporter assays. Results are expressed as the mean ± SEM of five independent experiments. ** P ＜ 0.01, vs. control group (Con); ## P ＜ 0.01, vs. TNF-α-only treatment group.
blotting and cell surface enzyme-linked immunosorbent assay (ELISA). Western blot analysis showed that VCAM-1, ICAM-1, and E-selectin expression induced by TNF-α (10 ng/ml) was significantly reduced by P. vulgaris extract (Fig. 2A, B) . ELISA results also demonstrated that P. vulgaris reduced adhesion molecule expression on the cell surface of TNF-α-stimulated HASMCs (Fig. 2C) . Transcription factor nuclear factor-kappaB (NF-κB) is wellknown to play an important role in regulating inflammatory reactions and in the development of atherosclerosis (8) . It has also been reported to be involved in the activation of VCAM and GATA proteins. Ordinarily, NF κB remains sequestered in the cytoplasm, bound to an inhibitory protein subunit, IκB. Activation leads to the release and degradation of the inhibitory IκB subunit from the heterotrimeric complex and the subsequent translocation of the dimer (p65/p50) into the nucleus, where it promotes transcription of its downstream target genes (23) . Thus, we examined the degradation and phosphorylation of IκB-α by western blotting. As can be seen in Fig. 3A , P. vulgaris extract dosedependently prevented the phosphorylation of IκB-α. Furthermore, NF-κB transcription activity was attenuated markedly by P. vulgaris extract (0, 10, 50, and 250 μg/ml) in a concentration-dependent manner (Fig. 3B) , suggesting that P. vulgaris inhibits TNF-α-induced IκB-α degradation and NF-κB activation. 
P. vulgaris suppressed TNF-α induced ROS and NO, MAP Kinase in HASMCs
We next investigated the inhibitory effects of P. vulgaris extract on ROS and NO production in TNF-α-induced HASMCs. As can be seen in Fig. 4A , B, ROS and NO production was suppressed by P. vulgaris extract. These results suggest that suppression of intracellular ROS production could be only partially translated into inhibition of NF-κB activation and its downstream adhesion molecule expression in TNF-α-stimulated HASMCs. These findings suggest that smooth muscle cell dysfunction may occur through ROS activation (23, 24) . In addition, adhesion molecule expression has shown to occur with stimulation of the NF-κB signaling pathway, through the induction of ROS (25) . Furthermore, ROS activates various transcription factors in vascular cells and may function as a signal in various pathways leading to NF-κB and MAPK activation (24, (26) (27) (28) . To investigate the signaling pathways involved, we tested the effects of P. vulgaris extract on the activation of the mitogen-activated protein kinases (MAPKs) p38, c-Jun N-terminal kinase (JNK), and extracellular signal-regulated kinase (ERK). Cells were pretreated with P. vulgaris extract (0, 10, 50, and 250 μg/ml) for 2 h, washed with medium and incubated with fresh growth medium containing TNF-α (10 ng/ml) for 8 h. As shown in Fig. 4 , P. vulgaris did not modulate the expression of JNK, but significantly decreased the levels of phosphorylated p38 and ERK, suggesting that protection against TNF-α-induced inflammation by P. vulgaris is mediated by the suppression of p38 and ERK activation (Fig. 4C, D) . P. vulgaris is a medical plant; its components include ursolic acid, oleanolic acid, rutin, hyperoside, cis-and trans-caffeic acid, vitamins, carotenoids, tannin, and organic acids (15) . Ursolic acid, among those, is a triterpenoid compound widely distributed in foods, medicinal herbs, and other plants. There is a reported quantitative analysis by GC after derivatization under mild silylating conditions; it showed 0.31% ursolic acid in 20 P. vulgaris samples from southern regions of Korea (28) . Ursolic acid has favorable effect in the migration and proliferation of VSMCs (29) . In vivo, ursolic acid has long been recognized to possess anti-inflammatory and anti-hyperlipidemic properties in animals (30, 31), and P. vulgaris alone has been shown to attenuate inflammatory cytokine expression and apoptosis in pancreatic beta cell-like INS-1 cells (32). We expect there to be ursolic acid in the P. vulgaris extract, and this compounds at least partially explains its activity against vascular inflammation. Further studies are needed to identify the active component(s) of P. vulgaris extract that are responsible for the inhibitory effects on p38 and ERK observed in this study. In summary, the present study provides evidence that P. vulgaris significantly decreases the transcriptional activity of NF-kB, reduces the adherence of monocytes, and down-regulates adhesion molecule expression in HASMCs by inhibiting p38 and ERK activation. These results indicate that P. vulgaris exerts a protective action against vascular inflammation via a p38-and ERK-dependent mechanism. These results, together with previous evidence for the beneficial anti-thrombotic, anti-hypercholesterolemic and anti-hyperlipidemic effects of P. vulgaris, strongly point to the potential use of this herbal medicine to prevent the development of atherosclerosis.
MATERIALS AND METHODS

Cell culture
HASMCs were purchased from ScienCell Research Laboratory (San Diego, CA, USA). The cells were cultured as monolayers in smooth muscle cell medium (ScienCell) containing essential and nonessential amino acids, vitamins, organic and inorganic compounds, hormones, growth factors, trace minerals, and 2% fetal bovine serum at 37 o C in a humidified 5% CO2 atmosphere. Cells from passages 2 to 6 were used in this study. THP-1 cells (ATCC), a human myelomonocytic cell line widely used to study monocyte/macrophage biology in culture systems (33) , were used in cell adhesion assays with HASMCs. THP-1 cells were cultured in RPMI-1640 medium supplemented with 2 mM L-glutamine, 100 μg/ml streptomycin, 100 IU/ml penicillin, and 10% fetal bovine serum. 
Preparation and characterization of
Cell viability
Cells were seeded in 96-well, flat-bottom plates (2 × 10 4 cells/well) and incubated in the presence of different concentrations of P. vulgaris extract (0, 10, 50, and 250 μg/ml) for 24 h. CCK-8 reagent (Dojindo, Japan) was added to each well and incubated for 1 h. Absorbance was measured at 450 nm using a Benchmark Plus microplate reader (Bio-Rad, Hercules, CA, USA).
Promoter assay
NF-κB activity was measured using luciferase reporter assays. HASMCs in 12-well plates were co-transfected with renilla luciferase and pGL4.32-NF-κB, a vector containing an NF-κB response element fused to a firefly luciferase gene, using FuGENE HD reagent (Invitrogen, Carlsbad, CA, USA). Twenty-four hours post-transfection, cells were stimulated with 10 ng/ml TNF-α and different concentration P. vulgaris extract (0, 10, 50 and 250 μg/ml). Luciferase activity was assayed 24 h later using a Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA).
THP-1 adhesion assay
The adhesion of THP-1 cells to HASMCs was measured as described elsewhere (34) . Briefly, HASMCs were grown in 96-well plates and pretreated with P. vulgaris extract (0, 10, 50, and 250 μg/ml) for 2 h at 37 o C. The cells were washed with medium and incubated with fresh growth medium containing TNF-α (10 ng/ml). After 8 h, the medium was removed from the wells, and calcein AM-labeled THP-1 cells (2 × 10 5 cells/ml) in 0.2 ml medium were added to each well. After 1 h incubation at 37 o C in 5% CO2, the microwells were washed twice with 0.2 ml warm medium, and the number of adherent cells was detected by microscopy. 
Nitric oxide production assay
Nitric oxide production was evaluated by nitrite measurement using the Griess reagent (Sigma, USA). Briefly, an aliquot of cell culture medium was added to an equal volume of Griess reagent and the absorbance measured at 540 nm. Nitrite concentrations were determined using sodium nitrite as a standard.
Intracellular ROS production assay
Cells were seeded in 96-well, flat-bottom plates (2 × 10 4 cells/well) were pre-treated with various concentrations of P. vulgaris extract for 2 h, followed by addition of TNF-α (10 ng/ml) for 8 h. The cells were stained for 15 min at 37 o C with 5 μm DCFG-DA. The fluorescence intensity was measured at 485 nm excitation and 530 nm emissions using a microplate fluorescence reader.
Western blot analysis
The expression of VCAM-1, ICAM-1, E-selectin, ERK, phospho-ERK, JNK, phospho-JNK, p38 and phospho-p38, IkB-α (Cell signaling Technology, Beverly, MA, USA) was determined by western blot analysis. HASMCs were pretreated with P. vulgaris extract (0, 10, 50, and 250 μg/ml) for 2 h and washed with medium and incubated with fresh growth medium containing TNF-α (10 ng/ml) for 8 h. After treatment, the cells were washed twice in PBS and lysed in ice-cold lysis buffer (50 mM HASMCs were pretreated with P. vulgaris extract (0, 10, 50, and 250 μg/ml) as described above and stimulated with TNF-α for 4 h. Protein concentration was determined using the Bio-Rad protein assay (Bio-Rad) with bovine serum albumin as the standard. Protein lysates (20 μg) were separated by SDS-PAGE on 10% polyacrylamide gels, electrophoretically transferred to Immobilon-P polyvinylidene difluoride membranes (Amersham, Arlington Heights, IL, USA), and probed with the appropriate antibodies. The blots were developed using an enhanced chemiluminescence kit (Amersham). In all immunoblotting experiments, blots were reprobed with an antibody against β-actin used as protein loading controls.
Statistical analysis
Results are expressed as mean ± standard error of the mean (SEM). Group differences were determined by one-way analysis of variance followed by modified t-test with the Bonferroni correction for comparisons between individual groups; P ＜ 0.05 was considered significant.
